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♦NOTICES* 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

I .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the manufacture method of the gallium-nitride crystal 
which can be used for the semiconductor laser of short wavelength, an elevated temperature, a high-speed operation transistor, 
etc. 
[0002] 

[Description of the Prior Art] It is widely used as the light source for read-out and the writing of a semiconductor laser optical 
disk. Since the recordable amount of information per unit area of an optical disk is in inverse proportion to the square of light 
source wavelength, for high-density record realization, its short-wavelength-izing of a laser light source is indispensable. A 
gallium nitride is a direct gap semiconductor which has forbidden-band width of face of 3.4eV, and it is possible to form 
alumimium nitride and mixed crystal with an indium nitride. For this reason, since double heteroj unction structure required 
for semiconductor laser realization can be formed easily, it is expected as a short-wave length-laser material before and behind 
the wavelength of 400nm. 

[0003] In the manufacture method of the conventional gallium-nitride crystal, sapphire was used for the substrate, the 
alumimium nitride thin film or the gallium-nitride thin film was formed on the aforementioned substrate, and the 
gallium-nitride crystal was formed at the elevated temperature rather than the growth temperature of the aforementioned 
alumimium nitride thin film or a gallium-nitride thin film. 

[0004] Hereafter, the manufacture method of the conventional gallium-nitride crystal is explained. Drawing 5 (a), (b), and (c) 
are the order cross sections (flow chart) of a process for explaining the manufacture method of the conventional 
gallium-nitride crystal. As for a gallium-nitride crystal and 6, in this drawing, 5 is [ silicon on sapphire and 7 ] alumimium 
nitride thin films. Abbreviation 300A formation of an alumimium nitride thin film 7 is done by making a trimethylaluminum 
and ammonia react at the growth temperature of 550 degrees C on silicon on sapphire 6. Then, the gallium-nitride crystal 5 is 
formed in the thickness of 4 micrometers by carrying out the temperature up of the substrate temperature to 1050 degrees C, 
and making trimethylgallium and ammonia react. 
[0005] 

[Problem(s) to be Solved by the Invention] However, by the above manufacture methods of the conventional gallium-nitride 
crystal, since the lattice constants of silicon on sapphire, a gallium nitride, and nitriding ammonium are 4.758A, 3.1 1 1 A, and 
3.189A in a hexagonal a-axis, respective^ it will differ greatly between silicon on sapphire, and a gallium nitride and 
alumimium nitride, stress arises between a substrate and a growth phase during growth, and transposition or a. crack occurs in 
a growth phase side. According to the above-mentioned conventional example, the dislocation density of a gallium-nitride 
crystal was as large as about [ 109cm - ] two, and, generally, it was difficult to obtain the small gallium-nitride crystal of 
dislocation density from this. Moreover, since the cleavage plane direction of silicon on sapphire differed from the cleavage 
plane direction of a gallium nitride 30 degrees, the actual condition also followed many difficulties on being unable to acquire 
the cleavage of a good gallium nitride, but methods other than a cleavage, for example, dry etching etc., having to perform a 
resonator required realizing semiconductor laser equipment, and obtaining a good resonator. 

[0006] this invention solves the above-mentioned conventional technical problem, and dislocation density is small and it aims 

at offering the manufacture method of the gallium-nitride crystal which can do a cleavage easily. 

[0007] 

[Means for Solving the Problem] By removing the aforementioned semiconductor substrate, after forming the semiconductor 
thin film and the 1st gallium-nitride crystal into which a lattice constant differs from the aforementioned semiconductor 
substrate one by one on a semiconductor substrate, and forming the 2nd gallium-nitride crystal continuously, the dislocation 
density under 2nd gallium-nitride crystal is reduced sharply, and the manufacture method of the gallium-nitride crystal of this 
invention is easily accomplished based on the knowledge that a cleavage can be carried out, by the specific crystal face. 
[0008] 

[Embodiments of the Invention] Concretely, invention of a claim I forms the semiconductor thin film and the 1st 
gallium-nitride crystal into which a lattice constant differs from the aforementioned semiconductor substrate one by one on a 
semiconductor substrate, and after it removes the aforementioned semiconductor substrate continuously, it has the 
composition of forming the 2nd gallium-nitride crystal on the gallium-nitride crystal of the above 1st. By this composition, the 
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crystal transposition and the crack by stress between the aforementioned semiconductor thin film, the 1st, and 2nd gallium 
nitrides can be produced not in a gallium nitride but in the aforementioned semiconductor thin film, and the dislocation 
density under gallium-nitride crystal of the above 2nd can be reduced. Since thickness of a gallium nitride can furthermore be 
made larger enough than a semiconductor thin film, it becomes realizable [ the semiconductor laser equipment which makes 
this field a resonator end face ] by carrying out the cleavage of the gallium nitride, for example by the specific crystal faces, 
such as a cubic (110) side. 

[0009] Invention of a claim 2 has the composition of removing the aforementioned semiconductor substrate, and forming a 
gallium-nitride crystal on the aforementioned semiconductor thin film continuously, after forming the semiconductor thin film 
in which a lattice constant differs from the aforementioned semiconductor substrate on a semiconductor substrate. By this 
composition, the crystal transposition and the crack by stress between the aforementioned semiconductor thin film and the 
aforementioned gallium-nitride crystal can be produced not in a gallium-nitride crystal but in the aforementioned 
semiconductor thin film, and dislocation density can be reduced. Since thickness of a gallium-nitride crystal can furthermore 
be made larger enough than a semiconductor thin film, it becomes possible to carry out the cleavage of the gallium nitride, for 
example by the specific crystal faces, such as a cubic (110) side, therefore this cleavage plane can be used for the resonator of 
semiconductor laser equipment. 

[0010] Invention of a claim 3 has the composition of removing a semiconductor substrate, after forming the 2nd 
semiconductor thin .film and gallium-nitride crystal into which a lattice constant differs from the aforementioned 
semiconductor substrate one by one on a semiconductor substrate. Since thickness of a gallium nitride can be made larger 
enough than a semiconductor thin film, this composition enables it to carry out the cleavage of the gallium nitride, for 
example by the specific crystal faces, such as a cubic (110) side. 

[001 1] Invention of a claim 4 forms a silicon carbide thin film and the 1st gallium-nitride crystal one by one on a silicon 
substrate, and after it removes the aforementioned silicon substrate continuously, it has the composition which forms the 2nd 
gallium-nitride crystal on the gallium-nitride crystal of the above 1st. When 4.36A, 4.49 A, and the differences of a gallium 
nitride are silicon (a lattice constant is 5.43 A) and a gallium nitride in the case where the lattice constant of silicon carbide is a 
cubic according to this composition, the stress between two-layer becomes it is small, therefore possible [ being able to reduce 
dislocation density and carrying out the cleavage of the gallium nitride by the specific crystal face of a gallium nitride ] by 
forming a gallium nitride on a silicon carbide thin film, since it is small. 

[0012] In invention according to claim 2, invention of a claim 5 has the composition which removes the aforementioned 
silicon substrate, and forms a gallium-nitride crystal on the aforementioned silicon carbide thin film continuously, after 
forming a silicon carbide thin film on a silicon substrate. 

[0013] Invention of a claim 6 forms a silicon carbide thin film and a gallium-nitride crystal one by one on a silicon substrate, 
and has the composition which removes the aforementioned silicon substrate. 

[0014] Invention of a claim 7 has the composition which forms a silicon carbide thin film by heating a silicon substrate in 
hydrocarbon atmosphere. It becomes possible to form the silicon carbide thin film used as the ground in a gallium-nitride 
crystal growth with homogeneously and sufficient repeatability by this composition. 
[0015] 

[Example] Hereafter, one example of this invention is explained, referring to a drawing. 

[0016] (Example 1) Drawing 1 is the order cross section of a process showing the manufacture method of the gallium-nitride 
crystal in the 1st example of this invention. For 1, as for a silicon carbide thin film and 3, in this drawing, a silicon substrate 
and 2 are [ the 1st gallium-nitride crystal and 4 ] the 2nd gallium-nitride crystal. On a silicon substrate 1, abbreviation 500A 
formation of the silicon carbide 2 is carried out, and about 1 micrometer of 1st gallium-nitride crystal 3 is formed 
continuously. Then, only a silicon substrate 1 is removed by dipping the above 1, 2, and 3 into the acidic solution which 
mixed HF and HN03. Furthermore, about 30 micrometers of 2nd gallium-nitride crystal 4 are formed after the 
aforementioned gallium-nitride crystal 3. Therefore, in this example, by removing a silicon substrate I, on the occasion of 
growth of the gallium-nitride crystal 4, the crystal transposition and the crack by stress between two-layer can be produced not 
in a gallium nitride but in the aforementioned silicon carbide 2, and dislocation density can be reduced. Furthermore, since 
gallium-nitride thickness is made more greatly enough than silicon carbide thickness, it can carry out the cleavage of the 
gallium-nitride crystal, for example in respect of a cubic (110) etc. 

[00 1 7] (Example 2) Drawing 2 is the order cross section of a process showing the manufacture method of the gallium-nitride 
crystal in the 2nd example of this invention. As for a silicon substrate and 2, in this drawing, 1 is [ a silicon carbide thin film 
and 5 ] gallium-nitride crystals. Only, the aforementioned silicon substrate 1 is removed by carrying out abbreviation 5000A 
formation of the silicon carbide 2 and dipping the aforementioned silicon substrate I and silicon carbide 2 continuously on a 
silicon substrate 1 into the acidic solution which mixed HF and HN03. Furthermore, about 30 micrometers of gallium-nitride 
crystals 5 are formed on the aforementioned silicon carbide thin film 2. Therefore, in this example, by removing the 
aforementioned silicon substrate 1, on the occasion of growth of the aforementioned gallium-nitride crystal 5, the crystal 
transposition and the crack by stress between two-layer can be produced not in a gallium nitride but in the aforementioned 
silicon carbide 2, and dislocation density can be reduced. Furthermore, since gallium-nitride thickness is made more greatly 
enough than silicon carbide thickness, it can carry out the cleavage of the gallium-nitride crystal, for example in respect of a 
cubic (1 10) etc. 

[001 8] (Example 3) Drawing 3 is the order cross section of a process showing the manufacture method of the gallium-nitride 
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crystal in the 3rd example of this invention. As for a.silicon substrate and 2, in this drawing, 1 is [ a silicon carbide thin film 
and 5 ] gallium-nitride crystals. On a silicon substrate 1 , abbreviation 500A formation of the silicon carbide 2 is carried out, 
and about 30 micrometers of gallium-nitride crystals 5 are formed continuously. Then, only the aforementioned silicon 
substrate 1 is removed by dipping the aforementioned silicon substrate I, silicon carbide 2, and the gallium-nitride crystal 5 
into the acidic solution which mixed HF and HN03. Therefore, in this example, since gallium-nitride thickness can be made 
larger enough than silicon carbide thickness by removing the aforementioned silicon substrate 1 , it is possible to carry out the 
cleavage of the gallium-nitride crystal, for example in respect of a cubic (110) etc. 

[0019] (Example 4) Drawing 4 is the time chart of the growth temperature and distributed gas in the 4th example which forms 
a silicon carbide thin film on a silicon substrate in the 1st, 2, and 3 example of this invention. After heating a silicon substrate 
from a room temperature to 1350 degrees C between time 1 and time 2 (for example, the inside of hydrocarbon atmosphere, 
such as C3H8) and keeping constant further the temperature between time 2 to the time '3. supply of silicon carbide is 
intercepted, for example, the temperature is lowered to a room temperature between time 3 and time 4 in hydrogen 
atmosphere in this drawing. Therefore, in this example, it becomes possible by heating a silicon substrate in hydrocarbon 
atmosphere to form a silicon carbide thin film with homogeneously and sufficient repeatability. 
[0020] 

[Effect of the Invention] As explained above, according to this invention, the outstanding effect that dislocation density can 
form low the gallium-nitride crystal in which a cleavage is possible on a semiconductor substrate the 2nd semiconductor thin 
film and by forming a gallium-nitride crystal continuously and removing the aforementioned semiconductor substrate before 
formation of the aforementioned gallium-nitride crystal or after formation is acquired. 
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CLAIMS 



[Claim(s)] 

[Claim I] The manufacture method of the gallium-nitride crystal which forms the semiconductor thin film and the 1st 
gallium-nitride crystal into which a lattice constant differs from the aforementioned semiconductor substrate one by one on a 
semiconductor substrate, and is characterized by forming the 2nd gallium-nitride crystal on the gallium-nitride crystal of the 
above 1st after removing the aforementioned semiconductor substrate continuously. 

[Claim 2] The manufacture method of the gallium-nitride crystal characterized by removing the aforementioned 
semiconductor substrate, and forming a gallium-nitride crystal on the aforementioned semiconductor thin film continuously 
after forming the semiconductor thin film in which a lattice constant differs from the aforementioned semiconductor substrate 
on a semiconductor substrate. 

[Claim 3] The manufacture method of the gallium-nitride crystal characterized by removing a semiconductor substrate after 
forming the 2nd semiconductor thin film and gallium-nitride crystal into which a lattice constant differs from the 
aforementioned semiconductor substrate one by one on a semiconductor substrate. 

[Claim 4] The manufacture method of the gallium-nitride crystal according to claim 1 which forms a silicon carbide thin film 
and the 1st gallium-nitride crystal one by one on a silicon substrate, and is characterized by forming the 2nd gallium-nitride 
crystal on the gallium-nitride crystal of the above 1st after removing the aforementioned silicon substrate continuously. 
[Claim 5] The manufacture method of the gallium-nitride crystal according to claim 2 characterized by removing the 
aforementioned silicon substrate, and forming a gallium-nitride crystal on the aforementioned silicon carbide thin film 
continuously after forming a silicon carbide thin film on a silicon substrate. 

[Claim 6] The manufacture method of the gallium-nitride crystal according to claim 3 characterized by forming a silicon 
carbide thin film and a gallium-nitride crystal one by one on a silicon substrate, and removing the aforementioned silicon 
substrate. 

[Claim 7] The manufacture method of the gallium-nitride crystal according to claim 4, 5, or 6 characterized by forming a 
silicon carbide thin film by heating a silicon substrate in hydrocarbon atmosphere. 
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